cotton producing regions of the USA between 1970 and 1995, but increases in r f because of the planting of genetiField genetic uniformity is the probability that any two plants cally related cultivars was buffered by availability of selected at random within a region carry alleles that are identical by descent. Genetic uniformity of field crops can occur through breeding new cultivars. in uniformity across the USA.
duction has been simplified through the incorporation ern, south-central, southwestern, and western production regions.
of a gene from Bacillus thuringiensis (Bt or Bollgard)
Compared with field genetic uniformity estimated in the Year 1995 imparting resistance to lepidopteran insect pests (Jenpreceding introduction of transgenic cultivars, field genetic uniformity kins et al., 1997) and genes (Johnson, 1996) Many cultivars planted on significant hectarage since 1996 have either the herbicide tolerance gene alone or glyphosate with the Bt gene, and less frequently the F ield genetic uniformity is the probability that any Bt gene without an accompanying herbicide resistance two plants selected at random within a region carry gene. Cultivars containing the glyphosate resistance alleles that are identical by descent. Genetic uniformity gene alone or in combination with a Bt gene comprised predisposes crops produced over large hectarage to over 54% of the U.S. cottonseed market in 2000 losses from biotic and abiotic stresses, an occurrence (USDA-AMS, 2000). observed with the near failure of the southern corn Genetic uniformity of the U.S. cotton crop has not (Zea mays L.) crop in 1970 (Ullstrup, 1972) . Genetic been determined since the deployment of transgenic uniformity of a crop can be enumerated by considering cultivars. Backcross introgression (an average of three relationships among cultivars available for planting backcrosses) of pest management transgenes has been through molecular approaches or pedigree analysis.
the most common method of cultivar development in Pedigree analysis remains an attractive approach in cotrecent years. All transgenic cultivars available to U.S. ton (Gossypium hirsutum L.) because of simplicity and growers were derived through backcross breeding with the fact that most molecular markers exhibit low polygenetically related recurrent parent cultivars widely morphism within G. hirsutum (Paterson and Smith, grown in 1995. Genetic gains in lint yield may have 1999). Bowman et al. (1996) employed coefficients of suffered as a consequence. Genetic uniformity is further parentage (r p ) to assess breadth of the cotton genetic imposed through incorporation of the same transgenes base and found it to be relatively expansive, but that only a fraction of the available genetic base has been into different genetic backgrounds because the DNA exploited in cultivar development. Van Esbroeck et al. insert containing the transgene and its regulatory ele-(1998) calculated field uniformity (r f ) through 1995 conments also is accompanied by DNA surrounding the sidering cultivar genetic relationships adjusted for the site of insertion into the donor parent (Falconer, 1989) , hectarage planted to each cultivar. They found r f to be typically the cv. Coker 312. This nontarget DNA is not relatively high (average r f ϭ 0.30) among the major entirely eliminated during the introgression and selection phases of transgenic cultivar development. The objective of this study was to determine the impact of second year (1998) after becoming available, but dedetermining the coefficients of parentage. Cox et al. (1986) clined in hectarage although the stacked version showed described the procedure used in determining field uniformity a dramatic increase in 2000. the hectarage within production regions and nationally)
Where pedigrees of cultivars were unknown or unavailable declined in 2000 in every region and across the USA , then an assumed r p value of 0.07 be- (Table 2) . Since 1995, the number of successful cultivars tween unknowns or between unknowns and knowns was used has remained relatively constant, suggesting that grow- . Only two cultivars had unknown ers have planted a larger number of different cultivars pedigrees in the 2000 data set. Results from previous studies than previously. In 1998, there were over 70 cultivars are reprinted by permission with in the North Carolina Official Variety Trials (Bowman, additional data furnished by the authors. 1998), whereas only 40 were tested in 1996 (Bowman, 1996) .
RESULTS AND DISCUSSION
In 2000, the South-central region was the most uniform region with a r p of 0.29 (Table 3 ). The Southeast, Growers rapidly adopted the new transgenic cottons first with the Bt cottons (Table 1) . Tobacco budworm which was the most genetically uniform region in 1995, study (Table 3) . However, the 26 successful cultivars Region only occupied 74% of the hectarage that year ( Table 2) . As a group, the conventional cultivars were as related on 72.1% of the hectarage (Table 1) . Thus, the r f means across region and the USA (0.05 versus 0.18 and 0.03 versus 0.10) reflect the high field uniformity (Table 6 ). became the second most uniform. The r p in 2000 was
The coefficient of parentage within groups differed higher across the USA (0.17) than the previous 25 yr only slightly when averaged across regions and USA and the mean of the four production regions (0.23) was (0.22 versus 0.19 and 0.11 versus 0.15) ( Table 6 ). Large the highest in this study. The mean for the USA was differences between groups were seen in the Southalways lower than the mean across regions because the central, Southwest, and West regions. In the South-cenSouthwest and West have a larger share of cotton protral region, only three conventional cultivars were grown duction and the lowest r p values of the four regions. The on substantial hectarage in 2000, and were very closely r p value went up from 0.15 in 1995 to 0.19 in 2000 in the related to each other (r p ϭ 0.52). Southwest and remained the same in the West (Table 3) .
In the Southwest, half of the planted cultivars were Sixty-two percent of the successful cultivars grown in conventional but were not as closely related to each 2000 were developed by backcrossing transgenics into other as the transgenics (0.08 versus 0.18) ( Table 6 ). In existing cultivars. Twelve of the 19 successful cultivars the West five transgenic cultivars and two sets of two in the Southeast, 14 of 17 in the South-central, 9 of 15 were very closely related giving a r p twice the size of in the Southwest, and 6 of 15 in the West resulted from that for the 10 conventional cultivars (0.12 versus 0.06). backcrossing. The r f values declined in every region Within the group, the transgenics are not much different except the Southeast and across all regions (Table 4) . A from the conventional cultivars in being closely related dramatic reduction occurred in the South-central region (0.22 versus 0.19 for the means across regions and 0.11 where r f went from 0.38 to 0.25. The most planted cultiversus 0.15 for the USA). Presently, the transgenic cultivar in that region was grown only on 16% of the hectarvars are not contributing more than conventional cultiage (Table 5) .
vars to field genetic uniformity. The Southwest region showed a slight reduction in
In 1970, cotton cultivars were being developed by field uniformity (Table 4) Garst/AgriPro, and Seed Source in addition to Del-0.14) (Table 4) . Although the r p value did not change tapine and Stoneville Pedigreed Seed Company were from 1995 to 2000 (Table 3) , hectarage occupied by the developing cotton cultivars. The Coker and McNair most grown cultivars changed (Table 5) . Instead of one Seed Companies were purchased in the 1970s and 1980s, cultivar being planted on half the hectarage, the five respectively. California Planting Cotton Seed Distribumost popular cultivars in 2000 only occupied 50% of tors were developing cultivars for the San Joaquin Valthe market.
ley. O&A, Inc. and JaJo Genetics were conducting cultiField uniformity across all regions averaged 0.23 in var development and marketing their cultivars through 2000, a reduction from 0.32 in 1995 (Table 4 ). This was other companies. Syngenta Seeds, Inc., started devela result of more cultivars planted on the same proporoping cotton cultivars for South Texas. Monsanto began tion of the hectarage. Overall the U.S. average field its own field operations in Mississippi. United Agri uniformity decreased from 0.18 in 1995 (the highest year Products had been developing cultivars as well. Since in this study) to 0.13 in 2000, an improved direction (Table 4 ). The most popular cultivar across the belt only 1974, there has been a 625% increase in private breeding of a narrow germplasm base and also has served to fill
